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Abstract 
A solar semiconductor refrigerator is presented in the paper. It does not make use of any 
refrigerant, avoids the use of complex transmission pipes and other mechanical devices for its 
operation which causes ozone layer depletion (due to release of CFC’s). It is a cost effective, 
clean, environment friendly system. Cooling is achieved using peltier modules which operate 
using peltier effect and photovoltaic effect. The effect creates a temperature difference by 
transferring heat between two electrical junctions. Peltier module can be used for cooling as 
well as heating. One side of the module gets cooled and the other side becomes hot, this heat 
is removed to the environment using heat sink and fan. Our project mainly aims to provide 
refrigeration system to the remote areas where power supply is not easily accessible, so we 
are using solar panels for its operation. 
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INTRODUCTION 
In developing countries, where electricity 
supplies are unreliable, alternative 
refrigeration technologies are required. 
Solar fridges were introduced in the 
developing world to cut down on the use of 
kerosene or gas-powered absorption 
refrigerated coolers. In normal refrigerator 
a liter of kerosene is burned per day 
therefore requiring a constant supply of 
fuel which is costly and smelly, and are 
responsible for the production of large 
amounts of carbon dioxide. The use of 
Kerosene as a fuel is now widely 
discouraged for three reasons: Recurrent 
cost of fuel, difficulty of maintaining 
accurate temperature and risk of causing 
fires. Solar powered refrigerators are 
characterized by aluminum insulation and 
the use of DC current. It uses a 
combination of solar panels and lead acid 
batteries to store energy for cloudy days 
and at night in the absence of sunlight to 
keep their contents cool. It uses no moving 
parts except for some fans, employs no 
fluids, and do not require bulky piping and 
mechanical compressors used in vapors-
cycle cooling systems. Such sturdiness 
favors thermoelectric cooling over 
conventional refrigeration in certain 
situations. The compact size and weight 
requirements, as well as portability in the 
design, rule out the use of conventional 
refrigeration. 
 
THERMOELECTRIC MODULE 
A Peltier cooler, heater, or thermoelectric 
heat pump is a solid-state active heat pump 
which transfers heat from one side of the 
device to the other, with consumption of 
electrical energy, depending on the 
direction of the current. Such an instrument 
is also called a Peltier device [1], Peltier 
heat pump, solid state refrigerator, or 
thermoelectric cooler (TEC). It can be used 
either for heating or for cooling, [1] 
although in practice the main application is 
cooling. It can also be used as a 
temperature controller that either heats or 
cools. The primary advantages of a Peltier. 
 
cooler compared to a vapor-compression 
refrigerator are its lack of moving parts or 
circulating liquid, very long life, 
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invulnerability to leaks, small size, and 
flexible shape. Its main disadvantages are 
high cost and poor power efficiency. Many 
researchers and companies are trying to 
develop Peltier coolers that are cheap and 
efficient. A Peltier cooler can also be used 
as a thermoelectric generator. When 
operated as a cooler, a voltage is applied 
across the device, and as a result, a 
difference in temperature will build up 
between the two sides. When operated as a 
generator, one side of the device is heated 
to a temperature greater than the other side, 
and as a result, a difference in voltage will 
build up between the two sides (the 
Seebeck effect). 
 
Thermoelectric coolers operate by the 
Peltier effect (which also goes by the more 
general name thermoelectric effect). The 
device has two sides, and when a DC 
electric current flows through the device, it 
brings heat from one side to the other, so 
that one side gets cooler while the other 
gets hotter. The "hot" side is attached to a 
heat sink so that it remains at ambient 
temperature, while the cool side goes 
below room temperature. In some 
applications, multiple coolers can be 
cascaded together for lower temperature. 
 
Two unique semiconductors, one n-type 
and one p-type, are used because they need 
to have different electron densities. The 
semiconductors are placed thermally in 
parallel to each other and electrically in 
series and then joined with a thermally 
conducting plate on each side. When a 
voltage is applied to the free ends of the 
two semiconductors there is a flow of DC 
current across the junction of the 
semiconductors causing a temperature 
difference. The side with the cooling plate 
absorbs heat which is then moved to the 
other side of the device where the heat sink 
is. Thermoelectric Coolers, also 
abbreviated to TECs are typically 
connected side by side and sandwiched 
between two ceramic plates. The cooling 
ability of the total unit is then proportional 
to the number of TECs in it. 
 
Current semiconductors being explored for 
TEC applications are antimony and 
bismuth alloys [2]. So far, they are the 
materials that have led to the largest 
efficiency TEC systems. This is because 
they have a combination of low thermal 
conductivity and high electrical 
conductivity. 
 
A single-stage TEC will typically produce 
a maximal temperature difference of 70°C 
between its hot and cold sides [3]. The 
more heat moved using a TEC, the less 
efficient it becomes, because the TEC 
needs to dissipate both the heat being 
moved and the heat it generates itself from 
its own power consumption. The amount 
of heat that can be absorbed is proportional 
to the current and time. 
Q=PIt 
 
Where, P is the Peltier coefficient, I is the 
current, and t is the time. The Peltier 
coefficient depends on temperature and the 
materials the TEC is made of. 
 
In refrigeration applications, 
thermoelectric junctions have about 1/4th 
the efficiency compared to conventional 
means (they offer around 10–15% 
efficiency of the ideal Carnot cycle 
refrigerator, compared with 40–60% 
achieved by conventional compression-
cycle systems (reverse Rankine systems 
using compression/expansion) Due to this 
lower efficiency, thermoelectric cooling is 
generally only used in environments where 
the solid-state nature (no moving parts, 
low maintenance, compact size, and 
orientation insensitivity) outweighs pure 
efficiency. 
 
Peltier (thermoelectric) cooler 
performance is a function of ambient 
temperature, hot and cold side heat 
exchanger (heat sink) performance, 
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thermal load, Peltier module (thermopile) 
geometry, and Peltier electrical 
parameters. 
Requirements for thermoelectric materials:  
 
 Narrow band-gap semiconductors 
because of room-temperature 
operation. 
 Heavy elements because of their high 
mobility and low thermal conductivity. 
 Large unit cell, complex structure. 
 Highly anisotropic or highly 
symmetric. 
 Complex compositions Specification: 
TEC1-12706 Size: 40x40x3.9mm 
(WxDxH) Imax: 6.4A 
Umax: 15.4V 
Qmax: (ΔT =0) ΔT max. = 68°C 
Power consumption: 60w(max) 
 
 
Figure 1: Peltier module specification. 
 
Solar Panel 
A solar panel generally consist of 
numerous numbers of solar cells or solar 
modules. Solar cell is a photovoltaic cell 
which absorb sunlight as a source of 
energy and generate electricity out of that. 
The module generally consist of wafer 
based silicon cells. Each cell within the 
solar panel are connected serially so as to 
enable good electrical purpose. 
 
Most solar modules are currently produced 
from crystalline silicon(c-Si) solar cells 
made up of multicrystalline and 
monocrystalline silicon. 
 
Operation 
Light enters the device through an optical 
coating, or antireflection layer that 
minimizes the loss of light by reflection; it 
effectively traps the light falling on the 
solar cell by promoting its transmission to 
the energy-conversion layers below. The 
antireflection layer is typically an oxide of 
silicon, tantalum, or titanium that is 
formed on the cell surface by spin-coating 
or a vacuum deposition technique. 
 
The three energy-conversion layers below 
the antireflection layer are the top junction 
layer, the absorber layer, which constitutes 
the core of the device, and the back 
junction layer. Two additional electrical 
contact layers are needed to carry the 
electric current out to an external load and 
back into the cell, thus completing an 
electric circuit. The electrical contact layer 
on the face of the cell where light enters is 
generally present in some grid pattern and 
is composed of a good conductor such as a 
metal. Since, metal blocks light, the grid 
lines are as thin and widely spaced as is 
possible without impairing collection of the 
current produced by the cell. The back 
electrical contact layer has no such 
diametrically opposed restrictions. It need 
simply function as an electrical contact and 
thus covers the entire back surface of the 
cell structure. Because the back layer also 
must be a very good electrical conductor, it 
is always made of metal. 
 
Since, most of the energy in sunlight and 
artificial light is in the visible range of 
electromagnetic radiation, a solar cell 
absorber should be efficient in absorbing 
radiation at those wavelengths. Materials 
that strongly absorb visible radiation 
belong to a class of substances known as 
semiconductors. Semiconductors in 
thicknesses of about one-hundredth of a 
centimeter or less can absorb all incident 
visible light; since the junction-forming and 
contact layers are much thinner, the 
thickness of a solar cell is essentially that 
of the absorber. Examples of 
semiconductor materials employed in solar 
cells include silicon, gallium arsenide, 
indium phosphide, and copper indium 
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selenide. When light falls on a solar cell, 
electrons in the absorber layer are excited 
from a lower- energy “ground state,” in 
which they are bound to specific atoms in 
the solid, to a higher “excited state,” in 
which they can move through the solid. In 
the absence of the junction- forming 
layers, these “free” electrons are in random 
motion, and so there can be no oriented 
direct current. The addition of junction-
forming layers, however, induces a built- 
in electric field that produces the 
photovoltaic effect. In effect, the electric 
field gives a collective motion to the 
electrons that flow past the electrical 
contact layers into an external circuit 
where they can do useful work. 
 
WORKING 
The project mainly emphasizes on cooling 
a food product when they are kept in a cold 
environment. Such that the temperature 
inside the cabin will be kept at low 
temperature as nearly 5 degree Celsius, 
this is achieved as follows. 
 
Basic Working 
The substance which is to be cooled is kept 
inside the cabin. The driving source of 
energy for the peltier is achieved by means 
of solar panel followed by a voltage 
controller. The primary aim of voltage 
controller is that so as to maintain steady 
voltage. 
 
The output of the voltage controller will 
drive the two peltier modules that are 
connected together. Peltier module along 
with the heat sink are so connected such 
that one side of the pettier is kept in 
contact with the heat sink and fan 
assembly whereas the other one is kept in 
contact with the aluminum so as to 
dissipate cold to the inner side. Here 
aluminum is used so as to provide better 
thermal efficiency. 
 
 
Figure 2: Working principle. 
 
 
Figure 3: Diagram of solar refrigerator. 
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CONCLUSION 
In this we deal with how to make a solar 
refrigerator which is low cost, ecofriendly 
reliable and more than that establishment 
of much more friendly product which cool 
within short time and give good results and 
depends upon different factors. The 
implementation is low cost because does 
not have moving parts. Ecofriendly 
because it does not huse any type of 
refrigerants and other types of coolants 
and any type of chemical substances hence 
reliable. By making use of the above 
mentioned technology we can manufacture 
a solar refrigerator and hence there by 
reliability and gain factors can also be 
improvised. 
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